Introduction Distraction osteogenesis is a powerful tool in craniomaxillofacial surgery, allowing for large advancements of osteotomized segments in the setting of a restrictive soft tissue envelope. Despite its benefits, distraction can have negative functional consequences. We present a case of a patient with Crouzon syndrome who developed reduced mouth opening capability after a Le Fort III midfacial advancement with rigid external distraction. Technique Radiographic evaluation revealed that the coronoid process was restricting the normal excursion of the mandible by contacting the posterior zygoma. The patient was subsequently treated with a bilateral coronoidectomy via an intraoral approach, which improved his interincisal opening. Maximum interincisal distance was improved from 18 mm to 33 mm following bilateral cornoid resection. Conclusion We report coronoid impingement as a potential complication after Le Fort III distraction. Such a finding suggests the need for a detailed vector analysis in cases undergoing midface advancement with distraction. Post-distraction coronoidectomy is a useful surgical procedure to treat mouth opening limitation due to coronoid impingement against the zygoma after midfacial advancement.
Introduction
Classically, the proximity of the coronoid process to the zygoma is a well-established anatomical relationship from the trauma literature and is an indication to reduce zygomatic or zygomaticotemporal (arch) fractures that impinge on this mandibular subunit. This obstruction may cause reduced mouth opening ability and masticatory limitations [1, 2] . Hypertrophy of the coronoid process can also lead to mouth opening limitations and has been described for both unilateral and bilateral cases [3] [4] [5] [6] [7] [8] . The etiology of this hypertrophy can be idiopathic, muscular, post-traumatic, neoplastic, and a sequelae of Jacob's disease [9] . Examination of these children has demonstrated contact of the coronoid process on the posterior aspect of the zygoma, thereby restricting the normal opening rotation of the mandible. The authors of these studies, as well as similar cases in the adult population, recommend excision of the affected coronoid process(es), usually via an open intraoral [10] or more recently endoscopic assisted approach [11, 12] .
Reduced mouth opening ability is a known complication of the LeFort III advancement surgery, and has been well described in the craniofacial literature [13] . In some cases it has been related to a combination of post-surgical scar tissue formation and interference of the temporalis muscle with the distractor in cases where internal distractors were utilized. This mouth opening limitation often resolves with removal & Russell R. Reid rreid@surgery.bsd.uchicago.edu of the distractor device, with or without aggressive physical therapy in the post distraction period. Also, as many of these patients are syndromic (e.g., Apert or Crouzon), they have abnormal skeletal form and relations including the mandible [14] and are prone to ankylosis of their temporomandibular joint (TMJ), especially postoperatively [15] . After midfacial advancement surgery through monobloc or Le Fort III osteotomies, the zygoma is repositioned forward and downward with respect to the arc of rotation of the coronoid process of the mandible. We present a case report of a patient who underwent LeFort III distraction with secondary limited opening ability caused by physical obstruction of the newly repositioned zygomatic arch on the movement of the coronoid process during opening.
Technical Report
The patient was a 9 year-old male with Crouzon's syndrome, who was 3 months post Le Fort III distraction with an external halo device and a tooth-borne intraoral splint appliance with external traction hooks. The distractor was connected to the splint external traction hooks and malar bones bilaterally with surgical wires. Distraction parameters included a 3-day latency period, an activation rate of 0.5 mm BID for 21 days, and a 5-week consolidation phase. The patient was placed on a soft diet during both the activation and consolidation phases. Since the initiation of the consolidation phase, he complained of limited mouth opening and difficulties with mastication. On physical exam his maximal interincisal opening was only 18 mm ( Fig. 1) . Radiographic analysis was performed, demonstrating that the anterior edges of the coronoid processes were in contact with the posterior surface of the advanced zygoma bilaterally (Fig. 2) .
To treat the restricted mouth opening, bilateral coronoidectomies were performed under general anesthesia via an intraoral approach. Temporalis muscle attachments were bluntly stripped from the surface of the coronoid. The process was then osteotomized with a reciprocating saw from the anterior oblique ridge to the sigmoid notch under direct visualization, with removal of the coronoid processes following their release. There was minimal blood loss and the patient tolerated the procedure well. Occlusal splints and/or guiding elastics were not used. To prevent recurrence active movement of his mandible through normal masticatory function was encouraged. He was discharged on post-operative day one on a soft mechanical diet. A panorex obtained on the day of discharge demonstrated successful resection of the coronoid process bilaterally (Fig. 3) . Post-operatively, he was given a regimen of oral stretching and physical therapy to improve his maximal interincisal distance from 18 mm preoperatively to a stable 33 mm (Fig. 4 ). There were no adverse sequelae from this procedure.
Discussion
Limited mouth opening capability in the post monobloc and LeFort III patient can be attributed to many causes and most resolve spontaneously in the postoperative period. Of note, some previously described cases involved internal distraction devices, where it is conceivable that the cause for the mouth opening limitation was device-or scar-related [13] . In patients with internal distractors, the removal of the device usually resolves the problem. In cases in which internal and rigid external distraction devices are used, the restrictive musculoskeletal relationships must be carefully evaluated to determine its cause. Musculotendinous attachments may be affected, either from surgery, postoperative scarring, or rarely, from stretching by the distraction process. For muscular issues related to muscular stretching, postoperative therapy and stretching exercises should adequately correct the limited mouth opening. In terms of muscular stretching, the gradual process of distraction most likely prevents muscular dysfunction from stretching. For our patient, similar to patients who present with hypertrophy of their coronoid process or processes, the close postoperative proximity of the coronoid process to the posterior aspect of the zygoma restricted the normal anterior arc movement of the entire mandible during mouth opening.
This postoperative phenomenon is not uncommon and has been noted by others in cases of conventional and rigid external distraction monobloc cases (Figueroa and Polley, verbal communication) . The mechanism causing the coronoid restriction is based on the fact that in many cases the advancement is not only forward but also downward.
Depending on the skeletal anatomy of the mandible and malar bones an unfavorable relation might be obtained at this level despite the orbital and facial improvement. It should be noted that many syndromic patients require advancements at different levels based on the existing dysmorphology. The advancement required in the frontal, orbital and maxillary regions might be different in the same patient. For these reasons procedures have been devised to advance the various segments independently of each other, such as is the case of the ''piggyback ostetomies'' [16] . It is critical that during the preoperative evaluation the surgeon assesses all potential skeletal interferences and desired skeletal relations after the distraction process. The surgeon must carefully determine the vector of distraction based on the desired movement of a particular skeletal segment [17, 18] . If this is done, potential problems with the desired movements can be predicted and changing the surgical plan may become necessary or the patient and family need to be informed in advance of the possibility for additional corrective surgery such as a coronoidectomy. While complex multisegment distractions can be technically more difficult than single segment movements, preoperative planning allows for anticipation of coronoid restriction, and the coronoidectomy can be planned for the time of the device removal.
The recently described technique of LeFort III osteotomy with zygomatic repositioning and subsequent LeFort II distraction offers a particularly useful solution to this problem [19] . With the fixation of the zygoma in an anterior position prior to distraction, the mandible can have and unobstructed range of motion after the procedure. This can also allow for subsequent vertical distraction, without the adverse outcome that we encountered in our patient.
Conclusions
We report on the successful postoperative treatment of a case of limited mouth opening capability that occurred after a successful Le Fort III distraction in a pediatric patient with Crouzon Syndrome. Bilateral coronoidectomy via an intraoral approach with subsequent physiotherapy appears to be an effective option for patients with iatrogenically abnormal zygomaticomandibular anatomy that restricts normal mandible function. We present this case to highlight the potential complication after midface distraction and its successful resolution. The importance of preoperative planning is highlighted to prevent or plan in advance for the treatment of postoperative mouth opening limitation after monobloc and LeFort III distraction. 
